Excessive gestational weight gain (GWG) is associated with an increasing incidence of maternal and neonatal complications, including hypertensive disorders of pregnancy, fetal macrosomia, and increased cesarean birth rates. In the United States, it is recommended that health care providers use an individualized approach to counsel a woman about pregnancy weight gain goals that is based on the woman's initial body mass index (BMI) and to track GWG throughout the pregnancy by evaluating maternal weight at each visit. Studies have shown that women entering pregnancy with a higher BMI are at increased risk for excessive GWG and postpartum weight retention. Research also demonstrates an increased risk of childhood obesity in children born to women with excessive GWG. Specific counseling about exercise and diet, as well as technology and motivational interviewing, are some tools prenatal care providers can use that have been shown to be effective in reducing excessive GWG. This article reviews the current research regarding maternal and neonatal risks associated with excessive GWG, as well as the interventions that have demonstrated promise for addressing this problem.
INTRODUCTION
Excessive gestational weight gain (GWG) is associated with several adverse pregnancy outcomes. More women today are entering pregnancy with an elevated body mass index (BMI). As obesity is more prevalent, the incidence of complications associated with obesity during pregnancy, such as increased rates of hypertensive disorders of pregnancy, fetal macrosomia, and cesarean birth rates, is increasing. 1 The 2011 to 2012 National Health and Nutrition Examination Survey found that the prevalence of obesity in women of reproductive age (20-39 years) in the United States is 31.8%. 2, 3 Women who are overweight or obese are more likely to experience excessive GWG and postpartum weight retention. 4 Given the increasing prevalence of obesity and associated pregnancy-related adverse effects, this article reviews current GWG guidelines and discusses maternal and neonatal outcomes associated with excessive GWG, as well as the effectiveness of various weight reduction interventions during pregnancy.
This review included a database search of PubMed, PubMed Central, Scopus, Ovid, and the Cochrane Database of Systemic Reviews. Our inclusion criteria were original research articles and systematic reviews with or without metaanalyses published in peer-reviewed journals between January 2010 and February 2018 that addressed the relationship between excessive GWG and maternal and neonatal outcomes, as well as preventative measures.
Background
In 2009, the Institute of Medicine (IOM) published guidelines for GWG, which are listed in Table 1 . 5 The expected weight gain in the first trimester is 1.1 to 4.4 lb regardless of prepregnancy BMI. 5 In the second and third trimesters, the IOM guidelines recommend 1 to 1.3 lb per week weight gain in women who are underweight, 0.8 to 1 lb per week in women of normal weight, 0.5 to 0.7 lb per week in women who are overweight, and 0.4 to 0.6 lb per week for women with obesity. 6 The World Health Organization identifies 6 classes of BMI, including underweight (Ͻ18.5 kg/m 2 ), normal weight (18.5-24.9 kg/m 2 ), overweight (25-29.9 kg/m 2 ), and obesity (ࣙ30 kg/m 2 ). 7 Obesity is further subdivided into 3 categories: Class I (30-34.9 kg/m 2 ), Class II (35-39.9 kg/m 2 ), and Class III (ࣙ40 kg/m 2 ). 5 The GWG recommendation for women with obesity is lower because of higher fat deposition and thus significantly lower energy costs. 8 Despite the existence of BMI-specific recommendations, no alternative GWG guidelines exist for adolescents, women of short stature, women of varying racial and ethnic groups, and women with higher classes of obesity. 5, [9] [10] [11] Evidence is insufficient at this time to recommend stricter weight gain guidelines for women of higher classes of obesity because of potential neonatal risks, including small for gestational age and preterm birth. 5, 6, 12 
Causes of Excessive Gestational Weight Gain
Causes of excessive GWG are often multifactorial and complex. Women with low incomes can have an increased risk for excessive GWG because of poor access to healthy food, lack of physical activity opportunities, and/or a lower health literacy regarding nutritional food choices. Cost has been shown to be the primary determinant of food choice among families living in poverty, which results in consumption of foods that are high in fat and sugar. 13, 14 Psychosocial factors such as depression, lack of social support, and stress are more common in women with limited incomes, and these factors have also been linked to excessive GWG. 15 In addition, women of minority racial and/or ethnic backgrounds and women with low incomes are at an increased risk for obesity prior to pregnancy, which also increases the risk of excessive GWG. [15] [16] [17] Furthermore, multiparous women on average enter pregnancy with higher prepregnancy BMIs when compared with nulliparous ✦ Excessive gestational weight gain is associated with an increased risk for hypertensive disorders in pregnancy, large-forgestational-age neonates, cesarean birth, and postpartum weight retention.
✦ Interventions that focus on diet, exercise, or both have been found to be effective in optimizing weight gain.
✦ Tools available to incorporate into prenatal care include e-tools, motivational interviewing techniques, and standardized protocols, which include patient handouts, setting weight gain goals, problem identifications, and weight tracking. 
Adverse Effects of Excessive Gestational Weight Gain
Excessive GWG is associated with both maternal and neonatal adverse outcomes. Adverse maternal outcomes include hypertensive disorders of pregnancy, gestational diabetes mellitus (GDM), large-for-gestational-age (LGA) neonates and fetal macrosomia, increased cesarean birth rates, and increased postpartum weight retention. Adverse neonatal outcomes include increased rates of childhood obesity and asthma.
One of the challenges in discerning the relationship between excessive GWG and adverse outcomes is also determining how prepregnancy obesity is related, as this may confound the assessment. Women who are overweight or obese are more likely to exceed weight gain recommendations during pregnancy than other BMI groups. 19 Women who are overweight or obese before a first pregnancy have a higher risk of retaining or gaining extra weight after pregnancy than women who are of average weight despite wider variability in GWG. 20, 21 Moreover, women who are overweight or obese, independent of excessive GWG, are also more likely to give birth to a neonate with macrosomia. 22 An additional challenge in evaluating the literature in this topic includes the complexity of how researchers have defined excessive GWG. Prepregnancy obesity, obesity that occurs during pregnancy, weight gain during pregnancy, and BMI change in pregnancy regardless of prepregnancy BMI are all variables that have been evaluated in the literature. This variation does make it difficult to determine how to best define and address the problem.
PHYSIOLOGY OF WEIGHT GAIN IN PREGNANCY
Physiologic changes during pregnancy that make up the majority of normal weight gain in pregnancy include uterine cellular division and hypertrophy, ductal growth and alveolar hypertrophy in the breasts, increased blood volume and extracellular fluid, and growth of the fetus, amniotic fluid, and placenta. 9 The increased accumulation of cellular water, fat, and protein, referred to as maternal reserves, can contribute to up to 7 lb of maternal weight gain at term. 9 Pregnancy requires a caloric increase of approximately 100 to 300 kcal per day because of the increased energy expenditure needed for fetal growth and development.
MATERNAL OUTCOMES ASSOCIATED WITH LOW GESTATIONAL WEIGHT GAIN
Both low GWG and excessive GWG are associated with adverse perinatal outcomes. Dutch famine studies were the first to document an increase in the incidence of poor fetal growth and preterm birth in women who had low maternal weight gain during pregnancy secondary to famine. 23 A 2015 systematic review of 18 cohort studies conducted in developed nations evaluated the association between adverse pregnancy outcomes and GWG in women with obesity. 12 Women who gained less weight than the current recommended IOM guidelines were found to have higher odds of preterm birth (adjusted odds ratio [aOR], 1.46; 95% CI, 1.07-2.00) and a fetus in the small-for-gestational-age category (aOR, 1.24; 95% CI, 1.13-1.36) compared with women with GWG that was within the guidelines. 12 In the United States, however, current attention is more often focused on the implications of excessive GWG. 6 
MATERNAL OUTCOMES ASSOCIATED WITH EXCESSIVE GESTATIONAL WEIGHT GAIN
Studies have variously defined excessive GWG as either weight gain above IOM guideline recommendations or a predefined change in BMI during pregnancy. Despite these differing definitions, studies identified for this review have consistently found an association between excessive GWG or high BMI and adverse antenatal, intrapartum, and postpartum outcomes.
Hypertensive Disorders in Pregnancy
Excessive GWG is associated with increased rates of hypertensive disorders of pregnancy, including gestational hypertension and preeclampsia. [24] [25] [26] A retrospective cohort study (N = 436,414), using California birth certificate data from women who gave birth to a singleton fetus in 2007, defined excessive GWG as a BMI change of more than 10 points over the course of pregnancy. 26 All women with an excessive BMI change, regardless of prepregnancy BMI, had an increased risk for developing a hypertensive disorder of pregnancy (aOR, 1.94; 95% CI, 1.72-2.20). Also, women who were overweight or obese and who experienced even a moderate (5.1-10 point) increase in BMI experienced increased odds of gestational hypertension or preeclampsia. After adjusting for maternal age, parity, race and ethnicity, diabetes, and hypertension, the dose-response relationship persisted such that for women with Class I obesity, the increased odds of developing hypertension was (aOR) 1.73 (95% CI, 1.39-2.15); the aOR was 1.87 (95% CI, 1.45-2.41) for women in obesity Class II; and the aOR was 1.97 (95% CI, 1.51-2.58) for women in obesity Class III. 26 These increasing odds of developing a hypertensive disorder were even higher for women in all obesity classes who gained more than 10 BMI points during pregnancy. These findings suggest that excessive GWG is associated with hypertensive disorders of pregnancy regardless of prepregnancy BMI status.
A Norwegian cohort study of 56,101 women found increased rates of preeclampsia among multiparous and nulliparous women, who were of normal weight, were overweight, and were obese, with GWG higher than the IOM recommendations. The aOR for preeclampsia among nulliparous women of normal weight, overweight, and obese weight classes was 2.44 (95% CI, 2.03-2.92), 2.87 (95% CI, 1.96-4.88), and 1.70 (95% CI, 1.17-2.47), respectively. Rates of gestational hypertension were also increased among women, who were of normal weight and overweight, with GWG higher than the IOM guidelines (odds ratio [OR], 1.76; 95% CI, 1.41-2.20, and OR, 1.55; 95% CI, 1.03-2.32, respectively). 27 A retrospective cohort of 1034 women with prepregnancy BMI of 50 kg/m 2 or higher also found an increase in pregnancy-induced hypertension among women who had a GWG that was higher than the IOM recommended weight gain (OR, 1.96; 95% CI, 1.26-3.03). 28 In conclusion, excessive GWG across pregnancy is associated with hypertensive disorders of pregnancy. Prior research has found an increase in risk of hypertensive disorders, including preeclampsia and gestational hypertension, among women with excessive GWG regardless of prepregnancy BMI status. 29 Hypertensive disorders of pregnancy are associated with lifelong cardiovascular disease risk. 29 . Encouraging women to obtain appropriate GWG may lower their lifetime risk of cardiovascular disease by avoiding this adverse pregnancy outcome.
Gestational Diabetes Mellitus
Conflicting data exist regarding the impact of GWG and the development of GDM. The diagnostic criteria for GDM differ both nationally and internationally, which makes this association difficult to analyze. For example, a meta-analysis from 2017 could not include GDM outcomes in the final data analysis because of the differing methods of evaluation used in the studies that evaluated this relationship. 30 Table 2 shows the different diagnostic criteria for GDM between the Carpenter-Coustan criteria and the International Association of Diabetes in Pregnancy Study Groups (IADPSG) criteria. 31, 32 Black et al used the IADPSG diagnostic criteria and found no association between GWG and rates of GDM. 25 A retrospective cohort study that included data from 219,868 women, whose pregnancy courses were included in the 2004 to 2011 Pregnancy Risk Assessment Monitoring System, found that the odds of developing GDM among women with a prepregnancy BMI of 30 kg/m 2 or higher was almost 3-fold higher than that of women whose prepregnancy BMI was normal (aOR 2.91; 95% CI, 2.76-3.07). After adjusting for prepregnancy BMI, this study found that women with excessive GWG alone were not at an increased risk for development of GDM (aOR, 0.84; 95% CI, 0.79-0.89). 33 Although prior studies did not find associations between GDM and overall GWG in the pregnancy, emerging evidence exists for a relationship between GDM and excessive GWG in early pregnancy. A secondary analysis of a randomized controlled trial that included 7985 nulliparous, low-risk women found early excessive GWG, defined as GWG above the current IOM guidelines at 15 to 18 weeks' gestation, was associated with 43% higher odds of the development of GDM compared with women who did not have early excessive GWG (aOR, 1.4; 95% CI, 1.1-1.9; 4.0% versus 2.5%, respectively). 34 Among a cohort of 2039 Latina women at 2 Massachusetts medical centers, women who were overweight with firsttrimester excessive GWG were found to have higher rates of abnormal glucose tolerance. 35 Patients were categorized as having low, appropriate, or excessive GWG based on 2009 IOM guidelines. Among this cohort, 7% of women were diagnosed with GDM and 17.4% were diagnosed with abnormal glucose tolerance (defined as an abnormal one-hour glucose screening without the diagnosis of GDM). Women with excessive GWG at the time of GDM screening were at higher odds of developing abnormal glucose tolerance (OR, 1.96; 95% CI, 1.17-3.30), as well as GDM (OR, 2.07; 95% CI, 1.04-4.12). Gestational age at birth was not included in the study data. Limitations of this study include the use of self-reported pregestational weight, which may have an impact on the validity of first-trimester GWG calculation. 35 A case-control study of 806 women with GDM and 4819 women without GDM identified a positive association between increased weight gain in the first trimester and the development of GDM. Weight gain in the second trimester was not associated with GDM. 36 These findings were further verified in a meta-analysis published in 2015 that found 40% increased odds (aOR, 1.42; 95% CI, 1.20-1.68) of developing GDM among women with excessive GWG prior to the time of GDM screening after adjusting for confounders such as maternal age, ethnicity, smoking, prepregnancy BMI, parity, and history of GDM. 37 In summary, study findings regarding excessive GWG overall and GDM are still emerging. To date, these findings suggest that prepregnancy BMI has an independent effect on the risk for GDM, but excessive GWG in total may not be associated with an increased risk for GDM. Rather, the relationship between excessive GWG and GDM may be linked to excessive weight gain early in pregnancy for both women of normal weight and those who enter pregnancy with a higher BMI.
Large-for-Gestational-Age Neonates and Fetal Macrosomia
Despite conflicting data on GWG and development of GDM, prior research demonstrates a positive association between excessive GWG and LGA neonates, macrosomia, and cesarean birth. A recent meta-analysis of 23 cohort studies, involving 1,309,136 women from the United States, Europe, and Asia, found an increased risk of LGA, defined as birth weight greater than the 90th percentile for gestational age, associated with GWG above IOM guidelines (OR, 1.85; 95% CI, 1.76-1.95). 30 The association between excessive GWG and LGA was stronger for women with lower prepregnancy BMIs. For example, women who were underweight and who gained more than IOM recommendations demonstrated a 2-fold increase in the odds of having an LGA neonate (OR, 2.17; 95% CI, 1.81-2.60). In contrast, women with both obesity and excessive GWG experienced 60% greater odds of having an LGA neonate (OR, 1.6; 95% CI, 1.56-1.70). 30 Current IOM guidelines recommend differing amounts of absolute weight gain in pregnancy based on prepregnancy BMI. Women who were obese prior to conception must gain more than 20 pounds to exceed IOM guidelines, whereas women who were initially underweight must gain more than 40 pounds in order to exceed IOM weight gain recommendations. The differing strength of association between excessive GWG and LGA may be secondary to a difference in absolute weight gain between the 2 groups.
A cohort study evaluating 1034 women with BMIs greater than 50 kg/m 2 noted a significant reduction in the incidence of birth weight more than 4000 g among women with weight gain below the IOM recommendations (OR, 0.5; 95% CI, 0.32-0.77). 28 In contrast to studies evaluating weight gain within IOM guidelines, Swank et al evaluated GWG in terms of overall BMI change. The authors noted a significant increase in the adjusted odds of macrosomia (ࣙ4000 g at birth) with moderate (5.1-10 BMI points) or excessive (Ͼ10 BMI points) change in BMI (aOR, 1.66; 95% CI, 1.62-1.69, and aOR, 3.21; 95% CI, 3.06-3.36, respectively). 38 In summary, excessive GWG is associated with increased rates of LGA neonates. These findings may be affected by the prepregnancy BMI and recommended GWG parameters in that absolute increases in weight gain may be the critical variable. Among women with a BMI of greater than 50 kg/m 2 , weight gain within IOM parameters led to lower rates of LGA neonates. Increasing BMI as pregnancy progresses may also lead to increasing neonate weight.
Cesarean Birth Rates
In addition to increased rates of LGA and macrosomia among women with excessive GWG, prior studies have also found that cesarean birth rates are higher in women with obesity or excessive GWG. 2 A retrospective cohort study of 436,414 women who gave birth in California demonstrated an increased incidence of cesarean birth in women with excessive BMI change (Ͼ10 points among all women regardless of prepregnancy BMI [aOR, 1.78; 95% CI, 1.67-1.89]). 39 A 2017 meta-analysis evaluated cesarean birth as a secondary outcome from 8 observational studies of pregnant women with a singleton gestation and included 266,263 study participants. The analysis found 30% increased odds of cesarean birth among women who gained more than the recommended IOM guidelines (OR, 1.30; 95% CI, 1.25-1.35). 30 In conclusion, these studies note an increasing rate of cesarean birth not only with increasing prepregnancy BMI but also with increasing GWG across pregnancy.
Postpartum Complications
Finally, excessive GWG is associated with lifelong adverse health outcomes. A 2010 Australian retrospective cohort evaluated 2055 women over a 21-year period. The authors found an association between excessive GWG based on IOM recommendations and increasing odds of being overweight (OR, 2.15; 95% CI, 1.64-2.82) or obese (OR, 4.49; 95% CI, 3.42-5.89) over the follow-up period. 40 Furthermore, a 2011 metaanalysis evaluating GWG and postpartum weight retention found that women with excessive GWG retained an additional average of 3.06 kg of postpartum weight (95% CI, 1.50-4.63 kg) at 3 years postpartum and 4.72 kg (95% CI, 2.94-6.50 kg) at 15 years postpartum. 41 Excessive GWG can lead to a cycle of increasing BMI. For example, women who entered their first pregnancy with a normal BMI but then experienced excessive GWG and postpartum weight retention may enter a subsequent pregnancy at a higher BMI, a cycle that has the potential for repeating itself with subsequent pregnancies. These women are then at risk for obesity and obesity-related conditions in the years after childbearing.
NEONATAL OUTCOMES ASSOCIATED WITH EXCESSIVE GESTATIONAL WEIGHT GAIN
Excessive GWG is associated with fetal programming and childhood outcomes. Sridhar et al conducted a prospective cohort study that evaluated 4145 women. Among these women, 20.4% experienced excessive GWG and 14.5% were noted to have appropriate GWG. The authors found 46% increased odds of obesity at 2 to 5 years of age among children born to women with excessive GWG during their pregnancy (OR, 1.46; CI, 1.17-1.83) . 42 In contrast, a 2017 prospective cohort study, including 845 women and their infants, noted increases in subcutaneous fat mass among infants whose mothers were overweight or obese. Similar to other studies, these authors found a positive association between maternal prepregnancy BMI and infant BMI, but they found no association between infant body fat mass and excessive GWG overall. 43 The relationship between GWG and infant BMI may be related to early GWG rather than overall GWG.
In utero programming may offer an explanation for these childhood outcomes. Rifas-Shiman et al evaluated levels of adipokines, hormones that when dysregulated are implicated in obesity and weight gain, in umbilical cord blood samples. 44 These hormones included insulin, C-peptide (a marker of insulin), insulin-like growth factor (IGF), and leptin. Neonates born to women with greater first-trimester weight gain demonstrated higher mean cord blood levels of insulin (0.5 units per mL higher; 95% CI, 0.1-0.9) and C-peptide (0.06 ng/mL higher; 95% CI, 0.002-0.009). Neonates born to women with higher second-trimester weight gain demonstrated higher mean IGF-1 (2.3 ng/mL; 95% CI, 0.6-4.0), IGF-2 (7.0 ng/mL; 95% CI, 1.2-14.6), IGF binding protein-3 (41.6 ng/mL; 95% CI, 19.4-63.7), and leptin (0.9 ng/mL; 95% CI, 0.4-1.4). 44 A Greek cohort studying 977 woman-child pairs evaluated the association between trimester-specific GWG and offspring fetal growth, obesity risk, and cardiometabolic health outcomes up to 4 years of age. Children born to women with increased first-trimester weight gain, defined as more than 200 g per week, demonstrated an increased risk of being overweight or obese at 2 years of age (risk ratio [RR], 1.25; 95% CI, 1.09-1.42) to 4 years of age (RR, 1.15; 95% CI, 1.05-1.25). 45 Associations were also noted for increases in first-trimester weight gain and subsequent childhood increased waist circumference, high sum of skinfold thickness, and elevations in diastolic blood pressure. Increased GWG in the second and third trimester did not demonstrate an association with childhood overweight or obesity. Second-trimester weight gain was associated with LGA neonates and increased umbilical cord blood levels of leptin. 45 These findings indicate a trimester-specific susceptibility of the fetus to GWG that may have lifelong implications.
A recent meta-analysis also identified an association between childhood asthma and maternal obesity during pregnancy or excessive GWG. 46 Forno et al analyzed the results of 14 studies (N = 108,321 woman-child pairs), 5 of which evaluated the relationship between GWG and childhood asthma. They found slightly increased odds of childhood asthma or ever wheezing in the children of women with a high GWG (OR, 1.16; 95% CI, 1.001-1.34). Maternal obesity in pregnancy was also associated with increased odds of development of childhood asthma or wheezing among children born to women with increased GWG (OR, 1.31; 95% CI, 1.16-1.49). 46 The authors theorize that the chronic inflammatory state of obesity may influence in utero development and predispose children to childhood asthma. The association between GWG and asthma was not as strong as the association between GWG and maternal obesity in pregnancy. However, the results with regard to GWG and asthma varied in each study by the method of study and definition of asthma.
Additional neonatal implications may be secondary to delayed lactogenesis among women with both obesity and excessive GWG. In a case-control study of women with delayed lactogenesis, Preusting et al noted an 11.5% greater incidence of delayed lactogenesis among women with BMI greater than 30 kg/m 2 compared with women of normal weight. 47 Furthermore, after adjusting for age, prepregnancy BMI, and epidural use, increased GWG was associated with delayed lactogenesis (aOR, 1.04; 95% CI, 1.01-1.07). Although this study noted a small increase in odds of delayed lactogenesis in the setting of increasing GWG, further research is needed to determine the effect of excessive GWG on lactogenesis. Delays in lactogenesis may lead to alterations in feeding and increased formula supplementation.
Neonatal and long-term childhood outcomes among children born to women with excessive GWG in pregnancy are challenging to evaluate. These data require long-term followup, and the primary outcomes may be the result of multiple contributing factors. Although associations may exist, causation cannot be proven. The challenge in identifying the underlying cause leads to difficulties in identifying appropriate interventions.
PREVENTATIVE MEASURES
An adequate number of standard prenatal care visits is associated with improved prenatal outcomes but has not been shown to alone help prevent excessive GWG. A retrospective review of 197,354 women with singleton pregnancies, controlling for body size, sociodemographic factors, and birth weight, revealed that women who received adequate standard prenatal care did not have a reduced risk of excessive GWG compared with women who received inadequate prenatal care. 48 The adequacy of prenatal care used by a woman was quantified by looking at when prenatal care began, as well as the number of prenatal care visits received compared with the American College of Obstetricians and Gynecologists (ACOG) recommendations for prenatal care, and was adjusted for gestational age at birth.
In addition, routine weighing at prenatal care visits has not shown to be sufficient in the prevention of excessive GWG and is not the standard of care in many countries. Brownfoot et al compared women receiving standard prenatal care in Australia (weight at the prenatal intake and at 36 weeks' gestation) with women who received weighing and counseling at each prenatal visit and found no significant difference in weight gain in the intervention versus control group (0.54 kg/week versus 0.53 kg/week; P = .63). 49 Moreover, a 2017 systemic review and meta-analysis of randomized controlled trials evaluating 1068 women found no reduction in excessive GWG between women who underwent routine weighing versus those who did not (P = .53). 50 Many factors could influence the ability of prenatal care to prevent excessive GWG. A Cochrane review including 65 randomized controlled trials and involving 11,444 women concluded that interventions focusing on diet or exercise or both are effective in reducing excessive GWG 51 (Table 3) . Women received interventions including diet and/or exercise counseling, low glycemic index diets, supervised and unsupervised exercise, or diet and exercise combination groups. All of these interventions reduced the risk of excessive GWG on average by 20% overall (average RR, 0.80; 95% CI, 0.73-0.87; N = 7096). 51 Diet counseling alone was the only intervention that showed no statistical reduction on excessive GWG. There was no statistical difference between intervention and control groups for preterm birth outcomes, development of preeclampsia, or incidence of cesarean birth.
Women with an elevated prepregnancy BMI are at increased risk for excessive GWG and adverse pregnancy outcomes in comparison with women with a normal prepregnancy BMI. Yeo et al showed that women who were overweight or obese had a higher risk of excessive GWG compared with women with normal weight (OR, 2.44; 95% CI, 2.37-2.50, and OR, 2.33; 95% CI, 2.27-2.40, respectively). 48 Preconception assessment and counseling about weight-loss interventions are the first steps in prevention. Reducing weight prior to pregnancy in women with an elevated prepregnancy BMI can help reduce excessive GWG in future pregnancies, as well as decrease the risk of multiple other pregnancy complications. 52 Women who are obese or overweight are more likely to have appropriate GWG when their prenatal care provider offers counseling on diet and exercise as opposed to other health care professionals. 53 Prenatal care providers may be aware of weight gain recommendations and may initiate and document counseling, but the quality and content of such conversations may be limited. 54 Despite awareness of the maternal and neonatal implications of excessive GWG, prenatal care providers may feel ill equipped to have these very important discussions. Prenatal care providers often consider excessive GWG a sensitive topic. Secondary to numerous outside influences, including lack of resources, prenatal care providers also feel that counseling will not alter the woman's weight gain trajectory. 55, 56 Studies have shown that women value having conversations with their prenatal care provider regarding weight gain and goal setting, but many women report never receiving any advice regarding nutrition, physical activity, or weight gain in pregnancy. [57] [58] [59] Technologic interventions may also be helpful for both prenatal care providers and women. Many electronic health record systems offer tools that calculate total GWG and prepregnancy BMI growth charts and offer alerts for out-of-range weights as well as patient education handouts. In 2014, Lindberg and Anderson developed a best practice alert based on prepregnancy BMI that included an individualized total weight gain recommendation, weekly weight gain goals, a script for prenatal care provider counseling, a template for documentation, and a patient handout, improving the consistency and accuracy of counseling. 55 A recent study tested the effectiveness of an online and mobile phone application providing personalized GWG tracking information, as well as a diet and physical activity goal setting tool. 60 Results indicated that Medicaid-eligible participants were significantly less likely to consistently participate. Among women without low incomes, consistent use of the program was associated with a reduced risk of excessive GWG (RR, 0.73; 95% CI, 0.59-0.89; P = .002) and with 2.35 kg less GWG on average (95% CI, −3.23 to −1.46; P Ͻ .0001). 60 Appropriate use of technology may offer women and prenatal care providers additional tools to help meet GWG recommendations for women who are able to use these resources. Alternatives such as a paper plotting tool based on prepregnancy BMI may be appropriate as well.
Prior research identifies time limitations during traditional prenatal care appointments as a barrier to initiating discussions regarding GWG. 61 Group prenatal care is an intervention that leads to increases in available counseling opportunities as well as self-tracking of weight at each visit. Prior research notes improvements in GWG compliance in certain high-risk groups, such as women who are black, Hispanic, or adolescent, when attending group prenatal care. 62, 63 Data regarding the impact of group prenatal care on GWG vary, with some studies noting no difference in GWG and others finding increases in excessive GWG among group prenatal care participants. [61] [62] [63] More research is needed to better understand how group prenatal care can be used to optimize GWG.
Many women may consider weight a sensitive topic. However, women also value and desire advice regarding GWG from their prenatal care providers. 64 Most theorybased GWG intervention trials use behavioral change techniques such as motivational interviewing. 65 ACOG identifies motivational interviewing as an effective technique for facilitating behavior change in a patient-centered manner. 66 Traditional prenatal care provider counseling includes offering advice and discussing risks of current behavior. In contrast, motivational interviewing techniques allow women to consider their thoughts and feelings that may be leading to ambivalence regarding behavior change. Motivational interviewing consists of 4 steps: engaging, focusing, evoking, and planning. 67 Engaging involves building a positive working relationship. Next, focusing leads to a conversation regarding a direction for change. During evoking, the woman's feelings, motivations, and desires are elicited and explored. In the final planning stage, the patient and prenatal care provider outline a specific commitment for change and an action plan.
CONCLUSION
Excessive GWG and its associated adverse maternal and perinatal outcomes are a significant problem for today's society. Excessive GWG can have lifelong implications for both the woman and child. Some prenatal care providers are still providing GWG advice that is inaccurate or not offering any advice at all. The best evidence available suggests that interventions focused on a low glycemic index diet, exercise, or diet and exercise are effective in preventing excessive GWG. The standard weight measurement at each prenatal visit is insufficient, but motivational interviewing techniques, longer visits such as those occurring with group prenatal care, and weight gain tracking tools (electronic or print) may be useful tools. More research is needed to create GWG guidelines more specific to different population groups and further elucidate the influence of psychosocial factors on excessive GWG. Furthermore, prenatal care providers need more evidence-based guidelines regarding techniques to reduce excessive GWG. 
